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Patients with epilepsy have brief spikes of focal epileptic activity that 
induce dynamic changes in functional connectivity (FC) => these FC 
changes could be used to detect and localize this epileptic activity.

Here we use edge timeseries1 and co-activation patterns (CAPs)2 to 
capture the single-timepoint FC dynamics of single finger taps, brief 
focal events on a similar timescale to epileptic spikes.

Contact: lucas.sainburg@vanderbilt.edu

Idea

Questions
Q1. If we know event timing (tap, epileptic spike on EEG) ➔ what are 
the spatial patterns of the event?
Q2. If we have a spatial pattern (brain activity/FC pattern) of the event 
➔ can we detect the event timings?

Data
Participants: Three healthy right-handed adults (2 female; 24, 24, and 29 years old)
fMRI data (TR = 2 s, 3x3x4 mm3)
• Paradigms: resting-state (10 min); block design finger tapping (20s blocks; 3.33 min); 

event-like finger tapping scans (single right-hand finger taps at least 20s apart)
• Regional timeseries temporally Z-scored
• Edge timeseries: multiplication of Z-scored regional timeseries at each timepoint to 

obtain a timeseries of dynamic FC for each edge

Time

Block Finger Tapping Single Finger Tap

Tap

Single Tap Example

No Tap

• Timeseries (CAPs) at brief motor events resemble the block activation map at 
the expected hemodynamic lag (6s)

• Edge timeseries at brief motor events resemble the block activation map at 
multiple timepoints after taps (6s and ~12-14s)
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Participant 1

Average similarity across 
all taps: edge timeseries

Q1. At the time of taps, do the spatial patterns of CAPs and edge 
timeseries resemble the block design tapping activation map?

Block design 
activation map

CAPs at several timepoints

0.75-0.75

Activity (Z)
Z(r) = 1.3

0s 6s 14s

Z(r) = -0.19 Z(r) = -0.56

Block design 
activation map

Edge timeseries seeded from left 
motor region at several timepoints

0s 6s 14s

0.75-0.75

Activity (Z)
Z(r) = 1.5Z(r) = 0.10 Z(r) = 0.44

0.75-0.75

Dynamic FC to Left Motor Region 

CAPs

Edge Timeseries 

Seed

Average similarity of all 
taps across time: CAPs
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Participant 1

*pFDR vs rest < 0.05

Q2. Can we use a spatial pattern to detect the timing of taps?

Tap CAP: 
Participant 1

Activity (Z)
1-1

Future Directions
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• Assess individual variability of spatial patterns
• Determine which regions of spatial patterns contribute most to accurate tap 

timing detection
• Assess the specificity of event detection (how often do events occur at rest?)
• Goal: Apply this method to detect spiking events in epileptic patients

• CAPs can identify the timing of tap events with better accuracy than edge timeseries
• Several timepoints not during taps resemble the spatial patterns at taps (CAPs, edge 

timeseries), which could lead to false identification of events (taps/epileptic spikes)

Tap 
Response 

(+6s)

Other 
Timepoints

Sliding correlation of Tap CAP with a single scan

0

Participant 1: Tap CAP Result

Tap Edge Timeseries 
Pattern: Participant 1 Sliding correlation of Tap Edge Timeseries Pattern 

with a single scan

Applying the spatial patterns (CAPs/edge timeseries) from each pair of two 
subjects to the third subject (leave-one-out) to detect tap timing

Timepoints
Around 

Response 
(+4,8s)

AUC = 0.83
*Ignore Timepoints 

Around Response (+4,8s)

ROC

1-1 0
Dynamic FC to Left 

Motor Region

Spatial 
Pattern 
Applied

Area Under the Curve (AUC)
Participant 1 Participant 2 Participant 3

CAP 0.78 0.76 0.85

Edge 
Timeseries 
Pattern

0.64 0.56 0.65

Tap Timing Detection Across Participants

Tap
Response

Other 
Timepoints

Separate Tap 
Response Timepoints 

(+6s) from Other 
Timepoints using 

Sliding Correlation

CAPs

Edge Timeseries

AUC = 0.63
Separate Tap Response from Other 
Timepoints using Sliding Correlation 

(as above)

Seed

AUC = 0.78
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