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Abstract

Age-related changes in the neural mechanisms of picture encoding were investigated using functional magnetic resonance imaging
(fMRI). Seven younger and seven older adults were studied while they were encoding pairs of concrete-related, concrete-unrelated, and
abstract pictures. Functional (T2*-weighted) and anatomical (T1-weighted) images of the brain were obtained using a1.5 T MRI scanner.
The results in the younger adults showed that the left dorsal prefrontal cortex (PFC) was activated during associative learning of the
concrete-unrelated or abstract pictures. The results also suggest that both ventral and dorsal visual pathways are involved in the encoding
of abstract pictures, and that the right superior parietal lobule likely mediates spatial information of the abstract pictures. The older adults
showed significant activation in the left dorsal PFC under concrete-unrelated and abstract conditions. However, the older adults failed to
activate either the left ventral and right dorsal PFC under the concrete-unrelated condition, or the parietal areas under abstract condition. A
direct comparison between the two age groups demonstrates that the older adults had a reduced activation in the bilateral parieto-temporo-
occipital areas under abstract condition, and in the right temporo-occipital area extending to the fusiform gyrus under the concrete-
unrelated condition. Finally, age difference was found in correlation between memory performance and amplitude of signal change in the
parahippocampal gyrus and fusiform gyrus under the concrete-unrelated and abstract conditions. These changes in neural response likely
underlie the age-related memory decline in relation to pictorial information. O 2001 Elsevier Science BV. All rights reserved.
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1. Introduction memory of pictures is relatively well-preserved in older

subjects and age-differences are small [11]. Experimental

Although studies in cognitive psychology show that old
subjects have greater difficulty in encoding and recalling
information than do younger subjects [11], the neura
mechanisms underlying these declines are still unclear.
Most work on age-related memory decrements has used
verbal or spatial materials, but studies with pictorial
materials aso help to clarify the issue. Overdl, the
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manipulation regarding contextual information and the
concreteness of stimuli is necessary to clarify the age-
related decline in picture memory. For example, Park et a.
[33] have used line drawings of concrete object pairs
(related and unrelated) as learning materials. The authors
observed larger age differences in cued recall of unrelated
pairs than in that of related pairs, and they concluded that
the semantic associations between related objects acts as a
memory support in older subjects. Smith et al. [39] have
found significant age differences for abstract but not for
concrete pictures, indicating that the lack of semantic
elaboration reduces the performance of older subjects.
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These results suggest that semantic information related to
the stimuli facilitates later memory performance particu-
larly in older adults, and that the brain regions related to
the processing of non-verbal stimuli such as abstract
pictures are vulnerable to aging.

Age-related changes in the neural substrates of memory
have been investigated during encoding and retrieval of
faces [16] and words [5,6,29] using positron emission
tomography. In these studies, older adults have been found
to have reduced activity in the frontal lobe [5,6,16],
hippocampus [16], and temporo-parieto-occipital |obe
[5,6,16] during encoding. Grady et al. [19] reported that
young subjects significantly activated the right medial
temporal |obe during picture encoding, but older subjects
did not. Grady et al. [18] also reported that older subjects
have less activation in the left ventral prefrontal cortex
during a face working memory task. Together, these
studies suggest that the poorer memory performance of
older adults results, in part, from insufficient encoding
operations mediated by multiple brain regions.

In the present study, fMRI was obtained during the
encoding of pairs of concrete (related and unrelated) or
abstract pictures in younger and older adults. The first aim
of the study was to investigate the neural correlates of
picture encoding using concrete and abstract materias in
younger adults. The superiority of memory performance
for pictures compared to that for words has been attributed
to people being more likely to store in their memory both a
visual and verbal representation of pictures [34]. As
reported by Park et a. [33] and Smith et al. [39], effective
processing of verba representation of picture may facili-
tate later memory performance. The differences in the
encoding operations between concrete and abstract pictures
are likely to be reflected in neural responses, and therefore
detected by functional brain imaging. Our prediction was
that the prefrontal cortex (PFC), ventral temporal, and
parietal cortices would be activated during picture encod-
ing [24,27], however, the pattern of activation in each
hemisphere and in ventral/dorsal visual pathways [44]
would be different depending on the types of materias to
be learned.

The second, but major, aim of the study was to elucidate
age-related differences in the neural mechanisms of picture
encoding. We expected that the manipulations of the
semantic relation and concreteness of pictures in the
experimental design would elucidate the nature of age
differences in pictorial memory. Particularly, as evidenced
by Smith et a. [39], the lack of verba support in the
encoding of abstract pictures would result in inferior
performance for older adults. A PET study by Ricci et al.
[36] showed significant activation in the bilateral inferior
temporal lobe during semantic association tasks of real
objects. It is predicted that encoding of concrete pictures
would involve the ventral part of the temporal lobe, and
the older adult would show less activation in this region. In
addition, age difference would be greater under the con-

crete-unrelated condition than under the concrete-related
condition because the older adult’'s memory is particularly
sensitive to semantic associations between pictures [33].
Finally, we expected that greater visuospatia attention
would be required under the abstract condition than under
the concrete conditions. Several authors [9,10] reported
that the parietal lobe played a role in memory and attention
of spatial information. Therefore, the older adults who had
difficulty in memorizing abstract pictures as shown by
Smith et al. [39] would show less activation in those areas
related to the processing of spatial information.

2. Materials and methods
2.1. Subjects

Seven younger and seven older subjects participated in
the study after giving written informed consent. The
subjects were community-dwelling, healthy, and indepen-
dent-living adults. The subjects physica health was
verified in an interview before the study, and those who
had a history of neurological, psychiatric, or physical
diseases were excluded from the study. No subject was
taking drugs that could affect the cerebral blood flow. No
older adult had incidental cerebral infarctions or high-
density areas in the deep white matter defined by T2-
weighted images of the brain. Except for one older adult
who was ambidextrous, all subjects were strongly right-
handed (assessed by the Edinburgh Handedness Inven-
tory). The younger adults had significantly more years of
education than did the older adults. Before the experiment,
neuropsychological tests and a shorter version of the
experimental task were administered to confirm that sub-
jects could perform at an average level. The younger adults
outperformed the old adults in trail making A, digit
symbol, and cued recall of words (Wechser Memory
Scale), but the result for the immediate recall of figures
(Wechsler Memory Scale) did not differ between the
groups. The demographic characteristics and neuro-
psychological performance for the group are shown in
Table 1. This study was approved by the ethics committee
at Fukui Medical University.

2.2. Task procedure

The objects for the picture-encoding task were taken
from the line drawings of Snodgrass et a. [41] and
Nishimoto et a. [31]. In a pilot study, 150 pictures with a
high rate of agreement (more than 80%) in naming were
selected from the drawings by Snodgrass et al. [41] for use
as concrete pictures. Thirty-two pairs of concrete-related
pictures were created by coupling objects that were
semantically associated with each other (e.g., coat and
hanger, toaster and bread, ashtray and cigarette, Fig. 1,
left). Thirty-two pairs of concrete-unrelated pictures were
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Table 1

Demographic characteristics and neuropsychological performance®
Young adults Older adults

N (M/F) 7 (4/3) 7 (4/3)

Age (years) 25.7 (3.8) 66.2 (4.9)

Education (years) 17.1 (0.6) 15.4 (1.5) *

Trail making A (9 20 (5.6) 35.7 (8.4) >

Digit symbol 80.1 (13.9) 53.8 (7.4) >

Word recall (WMS) 20.2 (0.9) 16.9 (2.6) %

Figure recall (WMS) 13.7 (0.4) 12.7 (1.4) ns.

M, Male, F, Female; WMS, Wechsler Memory Scale. The results of
one-way ANOVA are shown in the right-hand column. *P<0.05; **P<
0.01; n.s., not significant.

created by coupling objects with no or little association
(e.g., giraffe and doorknob, bed and button, alligator and
piano, Fig. 1, middle). The proportion of living/non-living
objects and the mean frequency of the objects’ names were
matched between groups of related and unrelated pairs. For
abstract pictures, we used nonsense objects created and
standardized by Nishimoto et a. (Fig. 1, right) [31]. The
set of abstract pictures was similar to those used by Bower
et d. [2].

Four lists of eight pairs each were created for each
condition. One list of each type of condition was assigned
to each of the experimental blocks. Within each block,
pairs were successively presented at a rate of 6 s/pair (4.5
s duration and 1.5 s cross hair inter-stimulus interval).
Subjects were instructed to memorize the pars for a
subsequent recognition test by making meaningful associa-
tions between pictures, or by paying attention to the
similarity of the objects shapes. No overt response was
required during the encoding task. During a control
condition, visual noise patterns were presented, and the
subjects were told to watch them without thinking about
the pictures presented before. Hence, there were three task
conditions (concrete-related, CR; concrete-unrelated, CU;
and abstract, AB) and one control condition. The order of
the three task conditions was counterbalanced within and
across subjects.

Memory performance for the pictures was tested by a
post-scan recognition test. In this test, half of the pairs
presented during the experiment were used. A testing sheet
with randomly arrayed pictures in two columns was
presented to the subjects. Subjects were told to draw lines

Concrete-Related (CR)

Concrete-Unrelated (CU)

to connect correct pairs learned during the experiment. The
proportion of correct answers was subjected to a two-way
ANOVA with the condition (CRXCUXAB) and age
(youngerxolder) as factors.

2.3 fMRI procedure and data analysis

For each subject, functional (T2*-weighted) images,
followed by an anatomical (T1-weighted) image, were
acquired with a 1.5 Teda MRI scanner (GE, Milwaukee,
WI, USA). In the older adults, T2-weighted images were
also acquired in order to exclude those who had incidental
cerebral infarctions or high-density areas in the deep white
matter. Functional images consisted of echo-planar image
volumes that were sensitive to BOLD contrast in axial
orientation (TR=6000 ms, TE=40 ms, flip angle=90).
Prior to each run, four discarded volumes were acquired to
dlow for a stabilization of magnetization. The volume
covered the whole brain with a 6464 matrix and 24 slices
(voxel size=3.75X3.75X6 mm, dlice thickness=5 mm,
gap=1 mm). A run of 128 image volumes with 32
volumes in each of the four conditions was performed. The
successive functional images for each subject were
realigned to the final image, normalized to Talairach and
Tournoux [43] standard space, and spatially smoothed with
a 10 mm Gaussian kernel using SPM96 (Wellcome
Department of Cognitive Neurology, London, UK). Sig-
nificant hemodynamic changes for each contrast specified
by the design matrix were assessed using t-statistics on a
voxel-by-voxel basis [13].

In the group anaysis, the repeated measures of the
BOLD signal were collapsed within subjects (adjusting for
both global signal by using proportional scaling and for
low-frequency physiological drifts by using a high-pass
filter) to give one scan per condition per subject according
to the random effect model [10,14]. In the present study,
the activation data were analyzed by subtracting the
control condition from the CR, CU, or AB condition and
by making subtractions between task conditions. The
significance of these subtractive analyses was assessed by
comparing the expected and observed distribution of the
t-statistic under the null hypothesis of no activation effect
on MRI signal [13]. According to previous studies using
SPM (e.g. [37]), we report activation above a threshold

Abstract (AB)

00000
U000
000

Fig. 1. Examples of pairs of concrete-related (left), concrete-unrelated (middle), and abstract (right) pictures.
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corresponding to P=0.001 (uncorrected for multiple com-
parison, Z=3.09) for height in the group analysis for each
of the younger and older adults. Empirically, this threshold
has been shown to guard against the excessive occurrence
of false-positive errors. Areas that survived multiple
comparison (P<<0.05) are indicated by an asterisk. For the
between-group analysis, activated voxels above P=0.005
(uncorrected, Z=2.58) for height were reported. The
statistical threshold for extent was set to P=0.05 (un-
corrected). The results from the between-group analysis
can be ascribed either to activation in one group or to
deactivation in the other. To avoid the potential contribu-
tion of deactivation in one group, the results were masked
by activations in the corresponding subtraction for both
groups.

To investigate relationship between memory perform-
ance and signa change, the proportion of correct answers
in each subject and condition was entered into correlation
analysis as covariate. The group-specific regressions at
every voxel were computed to test the differences between
the regression slopes for the younger and older groups. The
resulting SPM demonstrates the significant group-specific
changes in the contribution of memory performance to
amplitude of signal changes during the task condition as
compared to the control condition. In the present study,
those areas with positive correlation in the younger adults
and with no correlation in the older adults are investigated.
The statistical threshold was set to P=0.005 (uncorrected)
for height and to P=0.05 (uncorrected) for extent. The

proportion of correct answers and signal change in each
subject are plotted in the figures.

3. Results
3.1. Behavioural data

The mean (S.D. in parentheses) proportions of correct
answers in the memory test for the younger adults were
0.98 (0.03), 0.72 (0.25), and 0.64 (0.26) under the CR,
CU, and AB conditions, respectively. The older adults
memory performance was 0.89 (0.1), 0.44 (0.31), and 0.33
(0.22) under the CR, CU, and AB conditions, respectively.
The results of two-way ANOVA showed significant main
effects of age (F=10.8, P<<0.01) and condition (F=15.8,
P<0.01), but there was no significant interaction (F=1.0,
P>0.3).

3.2 fMRI data

3.2.1. Younger adults

The locations and peak values of significant activation
relative to the control condition in the younger adults are
listed in Table 2A—C. These clusters are superimposed on
a normalized high-resolution T1 image of a single subject
(Fig. 2). Under the CR condition, only the bilateral
occipito-temporal areas show significant activation (Fig. 2,
left). Similar activity in the extrastriate cortex was found

Table 2
Locations and peak values of activation: young adults®
L/R Region name (BA) X,Y,Z z
(A) Concrete-related minus Control L inf. occipital gy. (18) —38,—80,—-2 5.28*
R fusiform gy. (37) 38,—60,—24 5.91*
(B) Concrete-unrelated minus Control L inf. occipital gy. (18) —38,-80,—2 5.23*
R fusiform gy. (37) 38,—60,—24 6.9*
L inf. frontal gy. (46) —48,30,22 5.26*
R mid. frontal gy. (46) 56,36,16 3.97
L inf. frontal gy. (47) —48,28,—-8 4.09
L sup. parietal lob. (7) —34,—56,54 4.02
L sup. frontal gy. (6) —8,16,62 4.14
(C) Abstract minus Control L inf. occipital gy. (18) —38,—80,0 6.18*
L sup. parietal lob. (7) —34,—56,54 4.78*
R fusiform gy. (37) 38,—60,—24 6.77*
R sup. parietal lob. (7 28,—56,44 4.72*
L inf. frontal gy. (46) —48,30,22 5.33*
R mid. frontal gy. (9/44) 56,16,28 4.6*
L inf. parietal lob. (40) —44,—-30,40 4.57
L sup. frontal gy. (6) -22,8,50 417
(D) Concrete-unrelated minus Concrete-rel ated L mid. frontal gy. (46) —50,30,22 4.08
(E) Concrete-related minus Concrete-unrelated L post. cingulate gy. (23) —6,—32,24 4.15
(F) Abstract minus Concrete-related L mid. frontal gy. (46) -50,32,22 4.2
R sup. parietal lob. (7 28,—56,44 3.85
L post. central gy. —60,—24,42 4.01
R mid. occipita gy. (19) 42,—-80,12 3.76
(G) Concrete-related minus Abstract R precuneus (7 10,—50,32 4.62*
R sup. temporal gy. (22) 56,—56,18 4.3

“*corrected threshold at P=0.05. inf, inferior; mid., middle; sup., superior; post, posterior; gy., gyrus, lob., lobule.
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Concrete-Related Concrete-Unrelated

Abstract

Z value
Noow

Fig. 2. Activated regions in the subtraction of the control condition from the concrete-related (left), concrete-unrelated (middle), and abstract (right)
conditions are superimposed on a normalized T1 image of a single younger subject. The statistical threshold was set at P=0.001, uncorrected (Z=3.09).
Transverse images (first row) at z=20 mm and coronal images (second row) at y=—60 mm in coordinates by Talairach and Tournoux are shown. The

coordinates are listed in Table 2.

Fig. 3. Activated regions in the subtraction of the control condition from
the concrete-unrelated condition are superimposed on a normalized T1
images of a single younger subject. Activity in the left ventral prefrontal
cortex (BA47) and temporo-occipital lobe is shown. The coordinates are
listed in Table 2B. The dtatistical threshold was set at P=0.001,
uncorrected (Z=3.09).

both under the CU and AB conditions. Under the CU
condition, activation in the dorsal prefrontal cortex (PFC)
was bilateral (Fig. 2, middle), whereas that in the superior
parietal lobule (SPL) and ventral PFC (Fig. 3) was left-
lateralized. Under the CU condition, there was also activity
in the media part of the frontal lobe. The encoding of
abstract pictures strongly activated the bilatera PFC, SPL
(Fig. 2, right), and left inferior parietal lobule. Finaly,
activation in the left lateral premotor area was involved
under the AB condition.

The results for the subtractions between conditions in
the younger adults are shown in Table 2D-G. There was a
significantly greater signal under the CU than under the
CR condition in the left dorsal PFC (Fig. 4, left). Signals
in the left PFC, right SPL, and occipital areas were greater

Fig. 4. Left: Activated region in the subtraction of the concrete-related condition from the concrete-unrelated condition. Activity in the left dorsal
prefrontal cortex is shown. The coordinate is listed in Table 2D. Right: Activity in the right intraparietal sulcus in the subtraction of the concrete-related
condition from the abstract condition. The coordinate is listed in Table 2F. The statistical threshold was set at P=0.001, uncorrected (Z=3.09).
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Table 3
Locations and peak values of activation: older adults®
L/R Region name (BA) X,y,2 z
(A) Concrete-related minus Control L mid. occipital gy. (19) —38,—-80,—10 5.37*
R inf. occipital gy. (18) 30,—86,—2 4.82*
L fusiform gy. (37) —34,—80,—30 4.67
R fusiform gy. (37) 40,—48,—30 4.53
(B) Concrete-unrelated minus Control L mid. occipital gy. (19) —38,—80,—10 6.12*
R inf. occipital gy. (18) 30,—86,—2 5.52*
R fusiform gy. (37) 40,—50,—30 5.08*
sup. frontal gy. (6) -2,16,54 4.78*
L inf. frontal gy. (46) —44,30,22 4.49
L sup. frontal gy. (6) —34,18,60 38
(C) Abstract minus Control L inf. occipital gy. (19) —38,—80,—12 6.05*
R fusiform gy. (37) 40,—50,—28 5.41*
R inf. occipital gy. (18) 30,—86,—2 5.15%
L sup. parieta lob. (@) —24,—68,52 4.68
L inf. frontal gy. (46) —42,32,22 4.56
sup. frontal gy. (6) 6,18,58 4.34
cerebellum 6,—78,—38 3.97
L sup. frontal gy. (6) —38,12,60 3.78

“For abbreviations see Table 1 legend.

under the AB than under the CR condition. Particularly in
the right parietal area, peak activity was identified in the
depths of the intraparietal sulcus (Fig. 4, right).

322 Older adults

The locations and peak values of significant activation
for the older adults are listed in Table 3. These clusters are
superimposed on a normalized high-resolution T1 image of

Concrete-Related Concrete-Unrelated

a single older adult (Fig. 5). The older adults activated
bilateral temporo-occipital areas under the three ex-
perimental conditions. Under the CU condition, the older
adults showed significantly greater signals relative to the
control condition in the left dorsal prefrontal cortex (Fig.
5, middle). During the encoding of abstract pictures (Fig.
5, right), significant activation was found in the left dorsal
PFC and SPL. Media and lateral premotor areas were

Abstract

Fig. 5. Activated regions in the subtraction of the control condition from the concrete-related (left), concrete-unrelated (middle), and abstract (right)
conditions are superimposed on normalized T1 images of a single older subject. Transverse images (first row) at z=20 mm, and coronal images (second
row) at y=—64 mm in coordinates by Talairach and Tournoux are shown. The coordinates are listed in Table 3.
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Table 4

Locations and peak values of activation: young vs. older adults®
L/R Region name (BA) XY,z z

(A) Concrete-related minus Control: Young>Older No significant voxel

(B) Concrete-unrelated minus Control: Young>Older R mid. occipital gy. (19) 48,—70,2 457
R fusiform gy. (37) 46,—50,—16 359

(C) Abstract minus Control: Young>Older L mid. temporal gy. (39) —34,-70,20 4.39
L sup. parietal lob. @) —32,—-56,52 3.69
L inf. temporal gy. (37) —52,—48,—12 359
L inf. parietal lob. (40) —52,—-26,42 3.68
R mid. occipital gy. (19) 38,—-74,8 4.96
R inf. temporal gy. (37) 48,—-50,—14 4.27
R inf. parietal lob. (40) 40,—54,44 3.76

“For abbreviations see Table 1 legend.

activated under both the CU and AB conditions. There was
no significant activation in the subtraction between con-
ditions.

3.2.3. Between-group analysis

A direct comparison between the younger and older
adults yielded significant differences in activation for only
the CU and AB conditions (Table 4 and Fig. 6). Overal,
the younger adults activated the occipito-temporo-parietal
cortices more than did the older adults. By contrast, there
was no region in which the signal increase was greater in
the older than younger adults under any of the three
conditions. Under the CU condition, age-related differ-
ences in activation were found in the right occipito-tempo-
ral areas extending to the anterior part of the fusiform
gyrus (Fig. 6, left). During the encoding of abstract
pictures, the younger adults activated the bilateral inferior
temporal gyrus, superior and inferior parietal lobule, and
occipital lobe more than did the older adults (Fig. 6, right).

3.24. Correlation analysis

A slope of regression line between memory performance
and signal change in the left parahippocampal gyrus (Fig.
78) and the right middle frontal gyrus (x,y,z=30,24,26)
under the CU condition had a significant age difference.
There were significant age differences in regression slopes
between memory performance and signal change in the
right fusiform gyrus (Fig. 7b), right middle frontal gyrus
(X,y,z=34,44,—12) and left inferior temporal gyrus (X,y,z=
—48,—16,—18) under the AB condition.

4. Discussion
4.1. Activation in younger adults

One of the purposes of the present study was to examine
the neura substrates of picture encoding in normal

younger subjects. The bilateral dorsal PFC was activated
during the encoding of concrete-unrelated and abstract

Concrete-
Unrelated
minus Control

Abstract
minus Control

Fig. 6. Stetistical parametric mapping of significant age-related differences in activation during encoding of concrete-unrelated (left) and abstract (right)
pictures. The clusters are those areas in which younger subjects had a greater signal increase than older adults. For locations and peak values see Table 4.
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a) Lt parahippocampal gyrus
(-10,-48,4)

R? = 0.49

® Younger
o Older

Signal change
o

01 } ___e___°____°__
o]
-0.2
o R? = 0.002
-0.3 : L
0 05 1

Proportion of correct answer

b) Rt fusiform gyrus
(48,-48,-12)

R? =0.49
03 | )

Signal change

Proportion of correct answer

Fig. 7. Theresults of correlation analysis are shown. An x-axis represents
the proportion of correct answer in the post-scan recognition test and a
y-axis represents the amplitude of signal change between the task
condition and the control condition. (& The younger subjects (filled
circles and filled line) had a positive correlation between memory
performance and signal change in the left parahippocampal gyrus under
the CU condition, but the old subjects (open circles and dotted line) did
not. (b) The younger subjects (filled circles and filled line) had a positive
correlation between memory performance and signal change in the right
fusiform gyrus, but the old subjects (open circles and dotted line) did not.

pictures. Our results replicate those of the study by Kelly
et a. [24] that reported the bilateral PFC activation during
the encoding of concrete pictures. However, there was no
significant activation in the frontal lobe under the CR
condition, a finding that is probably due to the less
demanding nature of the task as revedled by the near
ceiling performance of the subjects. A subtraction between
conditions revealed that the left dorsal PFC had greater
signal intensity under the CU and AB conditions as
compared to the CR condition. A possible interpretation of
the recruitment of the left dorsal PFC is that greater
cognitive effort was required while subjects are making a

meaningful association between two unrelated-concrete
pictures, and to the same extent during the learning of pairs
of abstract pictures. This hypothesis is supported by
studies showing greater activity in the left PFC during
deep semantic analyses of words [4,23] and during work-
ing memory tasks [40]. Another prefrontal activation under
the CU condition is located in the ventral part of the left
inferior frontal gyrus. Ricci et a. [36] have reported that
the left ventral PFC is activated when subjects are making
a semantic association between real objects. Wagner et al.
[45] have suggested that the left inferior PFC may act as a
semantic executive system mediating long-term semantic
knowledge. The CU condition in the present study involv-
ing processes of semantic and integrative association
between unrelated pictures likely recruited both of dorsal
and ventral regions in the left frontal lobe.

Activity in the right dorsal PFC was enhanced under the
CU and AB conditions, presumably indicating an increase
in cognitive demands. Only a few neurcimaging studies
have used non-verbal materials in episodic encoding tasks
[21,25,37,46], however, these studies have consistently
found that activity in the right frontal lobe is critical for the
encoding of abstract materials. Thus, the right dorsal PFC
activation in the present study most likely reflects the
cognitive processing of non-verbal features of stimuli such
as physica attributes or spatial information. Conjoint
activity in the bilateral PFC may help in the performance
of verbal and non-verbal mnemonic operations during
picture encoding.

Activation in the SPL was left-lateralized under the CU
condition and was bilateral under the AB condition. It is
likely that greater visuospatia attention was required under
the abstract condition than under the concrete conditions.
Several neuroimaging studies have determined that the
posterior parietal cortex is specifically involved in the
encoding of abstract pictures [25] or checkerboard patterns
[21]. In an fMRI study by Kraut et al. [27], the bilatera
superior parietal lobule was activated during judgments of
object shape. The region in the intra-parietal sulcus has
been implicated in visuospatial attention and eye move-
ment [9,10,32]. A finding that the subtraction of the CR
condition from the AB condition showed significant activi-
ty in the right intraparietal sulcus is consistent with these
previous studies.

4.2, Activation in older adults and age-related changes

During the encoding of pictures, the older adults showed
less activation of those areas responsible for intentional
learning of stimuli than did the younger adults. Most
importantly, a direct comparison between groups demon-
strated age differences under the CU and AB conditions.
There was no evidence for functional compensation in the
older adults because no region had a greater signal increase
in the older adults compared to the younger adults.
However, the older adults activated the left dorsal PFC, the
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medial frontal, and the lateral premotor regions under the
CU and AB conditions.

The subtraction of the older from the younger adults
under the CU condition yielded significant differences in
the right occipito-temporal areas (Fig. 6, left), extending to
the anterior part of the fusiform gyrus. Grady et a. [19]
reported that activity in the right inferior temporal lobe
during picture encoding was significantly reduced in the
old subjects. The present result showing reduced activation
in the ventral part of the tempora lobe indicates in-
sufficient encoding processes in the older adults. Severa
authors [22,35] have suggested that non-verbal picture
infformation such as physica or spatial attributes are
processed in the right hemisphere, while verbal infor-
mation such as the name or other semantic information is
processed in the left hemisphere. According to these
studies, our results suggest that older adults encoding
processes for non-verba features of objects are impaired.

During the encoding of abstract pictures, large areas in
the bilateral temporo-parietal and occipital lobe showed
significant between-group differences (Fig. 6, right). This
is a reflection of greater signa increases in the younger
adults compared to minimal or no changes in the older
adults. As reported in the results for the young adults,
these regions appeared to play a critical role in processing
visuo-spatial information from pictures such as the shape
and contour of stimuli. In a behavioura study by Smith et
a. [39], older subjects had reduced memory performance
during abstract picture encoding compared to younger
subjects. Another study has shown that visuo-spatial
performance declines with aging more rapidly than verbal
performance [26]. We predicted that older adults would
have reduced activity in areas associated with the learning
of abstract pictures. Accordingly, an impaired ability to
memorize these stimuli was partly attributable to reduced
activation in the bilateral temporo-parieto-occipital areasin
older adults. Other neuroimaging studies have found age
differences in the left inferior temporal lobe during the
encoding of faces [16], and in the left temporal, occipital,
and right fusiform regions during the encoding of word
pairs [6]. The results of previous studies showing a lack of
activation in the posterior part of the brain in older adults
are consistent with the results of the present study.

What is the neurophysiological basis of age differences
in activation observed in the present study? First, severa
studies have found that the glucose metabolism [30] or
blood flow [47] in the parietal |obe is negatively correlated
with age. Horwitz et a. [20] have reported that cortical
pathways between the parietal and frontal lobes are
vulnerable to aging. Moreover, metabolic asymmetry in the
parietal lobe is significantly correlated with the relative
discrepancy between verba and visua memory perform-
ance in hedthy elderly subjects [1]. These metabolic
changes in older subjects are confirmed by neuropathologi-
cal findings [15]. Second, several authors reported that the
relationship between brain activation and BOLD signa

responses may be altered in elderly subjects. Ross et a.
[38] found that the amplitude of signal response in elderly
subjects was significantly decreased compared to younger
subject during photic stimulation. Taoka et a. [42] re-
ported that the time lag between onset of task and rise of
signal response was prolonged with increasing age. Age
differences were also observed in the signal-to-noise ratio
and motion artifact of the imaging data [12]. These
findings may represent reduced neuronal activation, re-
duced vascular response to normal activation, structural
change, or an dteration in the coupling of blood oxygen-
ation changes in response to focal activation in the elderly
subjects.

Separate group analysis showed that the older adults
failed to activate the left ventral and the right dorsal PFC
under the CU condition even at lower threshold (P=0.01).
However, between-group analysis did not show age differ-
ence in these cortical regions, probably due to the small
number of subjects. Cabeza et al. [5,6] have found that
older subjects have reduced activity in the left ventral PFC
during the encoding of word pairs as compared to younger
subjects. Similarly, younger subjects showed a significant
activation of the ventral PFC during the working memory
task, but older subjects did not [18]. The lack of activation
in the right dorsal PFC for the older adults may relate to an
impaired processing of non-verbal information because this
region is specifically involved in the encoding and working
memory tasks for non-verbal materias [21,25,37,46].

Another question concerns the significant activation in
the left dorsal PFC that was found in both the younger and
older adults under the CU and AB conditions. In addition,
there was no age difference in activation of the inferior
temporal lobe under the CR condition. These results
indicate that the older adults in the present study were able
to enhance neuronal activity in these cortical regions of the
frontal and tempora areas at a significant level although
they performed the tasks significantly worse than did the
younger adults. Several accounts may be possible for this
discrepancy. First, cortical regions activated by the older
adults as significantly as the younger adults are essentially
involved in picture encoding as indicated by other neuro-
imaging studies [17,21,27]. For example, Grady et al. [19]
found significant activation in the left prefrontal cortex
during picture encoding both in young and old subjects.
Such activation may help to explain the preserved picture
memory in older adults as compared to word memory [11].
Second, memory performance reflects cognitive processes
both during encoding and during retrieval; in contrast,
neuroimaging data in the present study reflect only neura
process during encoding. Age-related differences during
retrieval reported by neuroimaging studies [5,7,29] suggest
that lower memory performance in the older adults is
partly attributed to reduced activation during retrieval.
Third, lack of activation in the parieto-occipita lobe
disconnected neural network between frontal lobe and
posterior part of the brain under AB condition, and reduced
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memory performance in the older adults in spite of
significant activation in the left prefrontal cortex.

The results of correlation analysis revealed significant
age difference in regression slope between memory per-
formance and brain activity. A particularly notable finding
was that the posterior part of the parahippocampal gyrus
and the bilateral inferior tempora lobe had group-specific
changes in the contribution of memory performance to
brain activity. The result implies that the younger subjects
with higher performance activated these regions more
greatly than those with poorer performance. Both parahip-
pocampal gyrus and fusiform gyrus are significantly
involved in picture encoding [17,24,27]. The magnitude of
activation in the parahippocampal gyrus predicted later
memory performance for pictures [3]. The findings suggest
that the pictorial information was effectively processed in
these regions of the younger adults, but not in the older
adults.

There are some arguments regarding association be-
tween low educational background and risk of dementia
and Alzheimer’'s disease [8,28]. Letenneur et a. [28] found
that the incidence of dementia was higher in the group of
no education or primary school level. Therefore, it is
possible to suggest that a significant difference in educa-
tional years between the younger and older adults affects
the results of brain activation. However, it is unlikely that
this is the case because the educational level of the older
adults examined in the present study (university level: 6
subjects, high school level: 1 subject) was higher than that
in previous studies.

The limitation of the present study was that the small
number of subjects in each group may have affected the
results. That between-group comparison did not revea
significant age differences in brain regions in which the
young group had activation and the old group did not may
indicate weak statistical power. However, the present study
adopted the random effect model [14] to make the infer-
ence at the population level, and could provide reliable
evidence regarding age difference in the neura substrates
of picture memory. In conclusion, the results for the
younger adults suggest that neural networks between the
frontal lobe and posterior cortical areas mediate the
encoding of pictures. The left dorsal PFC was specificaly
engaged while subjects were making associations between
concrete-unrelated pictures and between abstract pictures.
In addition, the area in the right intraparietal sulcus was
significantly more active during the learning of abstract
pictures. The older adults failed to activate severa regions
of the brain during picture encoding. A direct comparison
between groups revedled that activation in the right
occipito-temporal areas is greater in younger than in older
adults during the encoding of concrete-unrelated pictures.
Significant differences in the bilateral occipito-temporo-
parietal lobes during abstract picture encoding likely
underlie the difficulty in encoding abstract pictures for the
older adults. These results imply that age-related declines

in picture memory are mainly related to neurophysiological
changes in the temporo-parietal areas.
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