
DISCUSSION
State 1 – The early theta prefrontal network works as executive
control of stimulus encoding and times other processes in a
top-down way2,5,6.

State 2 – The alpha occipital network significantly deactivates
between 200 and 400 ms, which might reflect the
engagement of occipital regions in letter encoding and
working memory storage2,5.

State 5 – The high-frequency (𝛽) frontal network is likely
associated with response selection and manipulation,
considering the timing and pattern of state activation1.

RESEARCH FRAMEWORK
This study optimally assesses the WM brain dynamics:

1. We acquire magnetoencephalographic data (MEG) 
à ms temporal resolution

2. We conduct a data-driven network analysis
à time delay embedded-HMM (TDE-HMM)3

3. We extract data-driven frequency components, by non-
negative matrix factorization (NNMF), in which we describe 
the brain networks3:
àMean power spectral density distribution 
àPhase-coherence connectivity map

BACKGROUND
The brain dynamics underpinning working memory (WM)1,2 :

1. unfolds at milliseconds (ms) time scale,
2. recruites large-scale brain networks,
3. involves different (ϑ, 𝛼.. ) brain rhythms.

Traditional investigations assess only one or two dimentions
and/or are limited in the time-frequency resolutions2.

STATES’ PROFILES. Every row of this figure shows one state. From left to right, the plots show the
temporal, spatial and connectivity profiles of each state. The spatial maps plot the normalized average
power spectral density across the 42 parcels, and the connectivity networks display the phase coherence
across brain regions; both quantities refer to a specific frequency component (mode) of the spectrum.
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A unique temporal, spatial, and spectral description 
of the working memory oscillatory dynamics

RESULTS

By applying the TDE-HMM on MEG data, we provide a 
novel description of the network dynamics underlying 
WM at milliseconds resolution

SPACE maps: 
mean power 

spectral density

MEG data 
Acquisition

Preprocessing using 
Oxford’s Software 

Library (OSL) • Beamformer source 
reconstruction
• 42 ROIs parcellation3

Time delay embedded-
hidden Markov model 

(TDE-HMM)3

TIME domain: 
ERF analysis

• GLM analysis - constant, 3 
target and 3 distractor 
regressors (0,1,2 back)

• Multitaper

CONNECTIVITY: 
phase-coupling 

networks
• Phase coherence 
across regions 

N R B X D
1s

1.8s

Target

N R B B D

N R B R D

0-
ba

ck
1-

ba
ck

2-
ba

ck

•38 Healthy Subjects 
• N-Back task

•6 states

How can we optimally explore 
the rich temporal, spectral, spatial dimensions 

of the WM brain networks?
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