Age-related and individual differences in the neural correlates
of spatial and temporal information in working memory
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INTRODUCTION RESULT & DISSCUSSION

Working memory (WM), the executive processes responsible for online manipulation of various Behavioral results fMRI results
domains of information to guide goal-directed behavior, appears to be declined with age. The effect of working memory load was observed both Whole brain analysis
However, the neural pattern of age-related cortical over-recruitment has been reported during on accuracy and reaction times in the two conditions. In the encoding phase, young adults showed more activation in the superior medial
working memory and is typically interpreted as being compensatory (Huang et al., 2012). There Participants showed less accurately and more slowly in ~ frontal gyrus, bilateral angular gyrus, and left cerebellum than older adults both in
is evidence that such neural responses may reflect age-related differences in modulation of  the temporal condition than in the spatial condition.  temporal and spatial conditions. Older participants revealed higher activation in the left
neural activity in response to task demands (i.e., Compensation-Related Utilization of Neural Older adults showed a decline in performance (both superior frontal gyrus and the left superior parietal gyrus, which provides additional
Circuits Hypothesis, CRUNCH) (Reuter-Lorenz & Cappell, 2008). In the present study, we accuracy and reaction times) with increasing working  evidence for hemispheric asymmetry reduction in older adults.
employed functional magnetic resonance imaging (fMRI) to examine CRUNCH model and to memory demands in temporal WM, consistent with In the retrieval phase, young adults had more activation in the midline of posterior
investigate age-related and individual differences in the neural correlates of working memory. CRUNCH model. parietal cortex in the temporal condition, whereas older individuals showed higher
Specifically, we explored age-related differences in neural activity across three levels of task Accuracy (%) bilateral occipital cortex activation compared to the young performers.
demands (low load, medium load, and high load) of working memory for temporal and spatial
information with event-related design. ' Encoding Retrieval
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Seventeen healthy young adults (7 males; mean age 22.9 £ 1.8 years, age range 20-25 vyears, Temporal Spatial
mean school education 16.1 = 1.4 years) and 17 healthy older adults (3 males; mean age 65.0 *
4.4 years, age range 60-74 years, mean school education 14.4 * 2.6 years) participated in this Response Time (ms)
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two through four were ROl analysis , , . . . . - . .
manipulated. The stimuli - The ROI analysis showed age-related differences in neural recruitment in response to different conditions and load effects in the retrieval phase.
consisted of one of five Spatial Young adults showed more activation in the medial prefrontal cortex and supplementary motor area, which have been mentioned dealing with
abstract objects and a 4- temporal information in previous studies, but this pattern does not found in older individuals. Young pa.rticipan’Fs r.evea.\led increased parie’FaI
by-4 square grid. Time g acti\(;'?\t.ion with increasing task demands especially in spatial condition, while older group revealed similar parietal activation in temporal and spatial
In each trial, two (low load), three (medium load), or four (high load) of five abstract objects N Itlolﬁ cFe Left Inf. Tri. EG Left Sup. Med. FG Right Sup. Med. FG Left SPG Right SPG

w

(Parra et. al., 2009) were randomly chose. Participants were instructed to memorize the
temporal order of those abstract objects for the temporal working memory task and to Y - /F /
remember the location for the spatial task. The encoding phase was followed by 4-second blank " ) _ / ‘ / Young
as a maintenance phase in which participants were asked to maintain the order or the location /" / / ?/rq /" .744 1 =e=Older
of the just presented abstract objects. During retrieval phase in the temporal condition, the two . . . T — T S —
abstract objects were presented with a right arrow between which indicated the present order of Temporal Spatial Temporal Spatial Temporal Spatial Temporal Spatial Temporal Spatial Temporal Spatial

those two objects. Participants were instructed to indicate if the temporal order is correct by

pressing one of two buttons by index or middle finger of right hand once the probe was Left MFG Right Inf. Orb. FG Left Supp. Motor Area Right Supp. Motor Area Left IPG Right IPG

presented. In the spatial condition, one object in the encoding phase was presented randomly in _
2 / j //' / /A j W j Young /. H

the grid. Participants should judge the location of the item is correct or not. Trials were
separated by a jittered interval of 2, 4, or 6 s. There were 3 sessions for each condition, each
=o=0lder
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Imaging Protocol and Data Analysis Temporal Spatial Temporal Spatial Temporal Spatial Temporal Spatial Temporal Spatial Temporal Spatial

consisting of 21 trials, 7 trials for each level.
A 3T MRI scanner equipped with a high-resolution 12-channel head array coil (Magnetom Trio,
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modeled by convolving with the canonical hemodynamic response function. Significant regions of important role in manipulating temporal
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activation were identified with threshold uncorrected p< 0.001 and cluster size>10. information.



