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THEME 6

WORKING MEMORY

Working memory:= actively!' s} 227t 71918 S-2)5t= A
Working memory+= 2]24]% 7]9-& Z]ufjst= eXphmt memoty.

working memory paradigms consist of a study phase, a delay period, and a test phase.

Working memory has been associated with activity in the dorsolateral prefrontal cortex,

the parietal cortex, and sensory processing regions.
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Figure 6.1: On each trial, a cue instructed participants whether to maintain object (face or
house) information or spatial location information during the working memory delay period.
Items were presented during the sample/study phase, followed by the delay period, the test
phase, and an inter- trial-interval (ITI) before the onset of the next trial (the time of each
period, in seconds, is shown under each panel).
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Figure 6.2: (B) Maintenance of faces during the delay period produced activity (in red/yellow)
in the lateral fusiform cortex (i.e., the fusiform face area) and maintenance of houses during
the delay period produced activity (in cyan/purple) in the medial fusiform/ parahippocampal
cortex (i.e., the parahippocampal place area; axial view, occipital pole at the bottom). (C)
Left, activity (percent signal change) in the superior dorsolateral prefrontal cortex (identified
by contrasting working memory for spatial locations and control trials) was associated with
maintenance of spatial locations (in green) to a greater degree than maintenance of faces (in
red) and houses (in blue). Delay period activity corresponds to time points 2 to 4 (paradigm
timing key at the top). Right, activity in the inferior dorsolateral prefrontal cortex (identified
by contrasting working memory for faces and control trials) was associated with maintenance
of faces (in red) and houses (in blue) to a greater degree than maintenance of spatial locations
(in green).
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6.1.1 dorsolateral prefrontal cortex
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Figure 6.3: Sustained working memory fMRI activity in the dorsolateral prefrontal cortex. Left,
sustained activity (in gray/white) during the working memory delay period in the dorsolateral
prefrontal cortex (the rightmost activation) and the parietal cortex (the leftmost activation; lateral
view, occipital pole to the left). Right, working memory delay period activation timecourse (per-
cent signal change as a function of time from study phase onset) extracted from the dorsolateral
prefrontal cortex region within the white circle to the left. The delay period is illustrated by the
gray bar.
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Figure 6.5: Timing of events for an example working memory trial. Two near-orthogonal grat-
ings (25 £ 3°, 115 4 3°) were briefly presented in randomized order, followed by a numerical
cue (green ‘1’ or red ‘2’) indicating which grating to remember. After an 11-s retention period,
a test grating was presented, and subjects reported whether it was rotated clockwise or anti-
clockwise relative to the cued grating.
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contrast v v ! tAl: fMRI — voxel — multi-voxel pattern analysis and a pattern classification
algorithm

pattern Z2235]: with some voxels being positive in magnitude, some voxels being negative
in magnitude, and some voxels having a magnitude of zero.

Figure 6.6: Orientation decoding results for areas V1-V4. The accuracy of orientation decod-
ing for remembered gratings in the working memory experiment (green circles), unattended
presentations of low-contrast gratings (red triangles), and generalization performance across
the two experiments (black squares). Error bars indicate +s.e.m. Decoding was applied to the
120 most visually responsive voxels in each of V1, V2, V3 and V3A-V4 (480 voxels for V1-V4
pooled), as determined by their responses to a localizer stimulus (1-4° eccentricity). Individ-
ual areas V3A and V4 showed similar decoding performance but had fewer available voxels, so
these regions were combined.
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Figure 6.7: Behavioral task, BOLD timecourses, and anatomical regions of interest (ROIs).
(A) Top: On each trial, participants were presented with two faces and two scenes and in-
structed to remember the relevant sample items (faces, scenes, or both faces and scenes).
The sample images were immediately followed by a blank delay period, after which partici-
pants indicated whether the probe matched one of the relevant sample items. Bottom: Event-
related BOLD timeseries were extracted from each of the ROIs, normalized, and averaged
across participants. All error bars are s.e.m. The horizontal grayscale bar indicates the phase
of the trial corresponding to BOLD and decoding measures, adjusted for the convolution
with the hemodynamic response function.

A FA:

e study phase: 27]9] A=} 27§ 9] F(? scenes)E HofF
— A d= 718l / A 7198l / =0 7198

e delay period: 9s

1T A Y.L ROIs

e Visual sensory regions:
extrastriate cortical regions, the parahippocampal gyrus, and the fusiform gyrus (in
both hemispheres)

e Dorsolateral pre frontal regions:
the middle frontal gyrus and the inferior frontal gyrus in both hemispheres

study phaseo]|4]-= DL-PFC &4 3} 24, delay= ot} = At DL-PFCE working memory
A2 obdE?

e Sk
2/3l & 4t

A 2F5 9] 7Hg: working memoryE A= G2 U
Z

Lg%
> g 92 Brh 9/l o 4, IR 9L Anct o

-
o}

A% W E classifier TS %1, 92, 4/92 37412 e

Figure 6.8: To distinguish between the storage of a sensory representation versus a non-
sensory representation, we examined the misclassification of Remember Faces and Remember
Scenes trials during the delay period. The classifier was disproportionately more likely to
incorrectly guess Remember Both than the opposite category (i.e., guess Remember Faces
on Remember Scenes trials and vice versa) in EC, consistent with a sensory representation,
but not in IPFC. * indicates p j 0.0001.
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6.2 Working Memory and the Hippocampus
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Figure 6.9: A, Illustration of the events associated with a single short-term memory trial. B,
Examples of the three types of test displays; test displays were always rotated 90° counter-
clockwise relative to the sample. Object-location bindings were intact in match displays,
one of the objects (drums) moved to a new, previously unoccupied, location in mismatch-
position displays, and two of the objects (drums, birdbath) swapped positions in mismatch-
swap displays.
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Figure 6.10: Schematic overview of the delayed-match-to-sample-task (a) and the two long-
term memory tasks (b and c). Panel (a) shows a schematic representation of one trial of the
delayed-match-to-sample task (with high-arousal stimuli).
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(Finke et al., 2008)"

Figure 6.11: Color and/or location working memory paradigms and medial temporal lobe
lesion results. (A) During each color working memory trial, illustrated at the top, colored
squares were presented during the sample/study phase, there was a 900- or 5000- mil-
lisecond delay period, and then there was a probe/test phase in which participants made
“match”—“non-match” judgments. The same paradigm was used for location and associa-
tion (i.e., color and location) trials, illustrated at the middle and bottom, respectively. (B)
Performance (percent correct) on the color, location, and association working memory tasks
as a function of delay period duration (in milliseconds) for patients with medial temporal
lobe damage and control participants that did not have a brain lesion (asterisks indicate
significantly impaired performance in the patients as compared to control participants).
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6.3 Working Memory and Brain Frequencies

working memory & frequency band:

e theta frequency band (4 to 8 Hertz)
e alpha frequency band (8 to 12 Hertz)
e gamma frequency band (greater than 30 Hertz)

long-term memory *]9... alpha: inhibition, gamma: binding of information in different cortical
regions
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long-term memory: theta - sjjuf-1] & A} S 2F8 working memoryof| A= 7777

Sauseng et al., 2009

theta activity, alpha activity, and gamma activity during working memory”7} &= 3}

Figure 6.12: Color working memory paradigm and EEG results. (A) During each trial, an
arrow cued one hemifield. The memory array/study phase consisted of two to six(???) colored
squares in each hemifield, followed by a retention interval/delay period where the stimuli
in the cued hemifield were maintained, and then during the probe/test phase participants
indicated whether or not any of the colors in the cued hemifield had changed. (B) Left,
theta-gamma synchronization as a function of the number of items in working memory (i.e.,
working memory load) at contralateral and ipsilateral occipital-parietal recording sites (key
to the right). Right, alpha activity as a function of working memory load at contralateral
and ipsilateral occipital-parietal recording sites.
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6.4 Brain Plasticity and Working Memory Training
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NOTE 6.3. Jolles, Grol, Van Buchem, Rombouts Crone, 2010 https://www.sciencedirect.
com/science/article/pii/S1053811910004234?via%3Dihub
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Figure 6.13: Behavioral effects and brain effects of working memory training. (A) Working
memory accuracy (percent correct) as a function of time (time point 1 = pre-training, time
point 2 = 6 weeks of training, time point 3 = 6 months after time point 2) and load (key at
the bottom right). (B) fMRI activity (in dark gray) at time point 2 versus time point 1 (axial
view, occipital pole at the bottom).

improve with training, particularly for higher working memory loads of four or five items, and
these improvements were sustained 6 months after training
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