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Materials and Methods 

1. Patients and Testing 
 
Patients had a history of complex partial seizures, and were under care at the Beth Israel Deaconess Medical Center 

(BIDMC). They were candidates for elective surgical treatment because their seizures did not respond to medications or other 
less-invasive treatments, and the source of their epilepsy was thought to be focal and located in an operable brain region. 
Depth electrode probes were implanted in each patient’s brain in order to localize the seizure focus and thus direct surgical 
treatment (Fig. 2). Clinical decisions such as whether, where and for how long to implant electrodes for presurgical diagnosis 
were made purely for clinical reasons, and independently of this study. Patients gave written informed consent according to 
NIH guidelines as monitored by the BIDMC institutional review board (IRB).  

Patients were selected for inclusion in the present study according to restrictive criteria: well-above-average overall 
cognitive and language abilities, no clinical language impairments, native English language competence, right-handedness; 
and electrode placement that included the traditional language regions hypothesized to be engaged by our task. Seizure foci 
were clinically determined to lie outside the regions from which data are reported (classic language areas and medial 
temporal lobes). The selection factors were designed to ensure that patients had relatively normal language development, and 
were corroborated by running the same task with fMRI and comparing their data to normal controls (Fig. 2). Patients 
performed the task first in fMRI, and then 4-16 days after electrodes had been implanted (Table S1). 

 
Patient Sex Age Seizure 

Onset Age  
fMRI 

Performed? 
Testing 

Day 
Completed 
Runs (of 9) 

A F 41 14 Yes 13 6 
B F 51 18 No 16 9 
C F 38 5 Yes 4 7 

Table S1. Patient information. Patient B first experienced loss of consciousness at age 18, but in 
retrospect the family reported intermittent spells at age 4. 
During testing, patients were alert and focused, and their hospital room doors were kept closed, with no 

interventions by clinical staff. Stimuli were presented on a laptop computer positioned at a comfortable height, 0.5–1.0 m 
from the patient’s eyes. Patients pressed the space bar with their left hand when a keypress was required.   

 

2. Electrodes 
 
Depth probes were SD08R–SP10X–000 eight-contact depths from Ad-Tech® Medical Instrument Corporation, 1.0 

mm in diameter with eight contacts spaced 5 mm from center to center. The probes were inserted through the lateral cortical 
surface, providing a linear array of electrode contacts able to record from the gray matter structures through or near which 
they passed. Recordings were obtained from successive pairs of contacts, each subtracted from the next (Fig. 1D), creating 
seven bipolar (differential) recording channels per probe. Differential recordings are less noisy and more focal than 
monopolar. 

The Broca’s area contacts were available for the present research because they lay on the trajectory of probes that 
targeted more medial regions (anterior cingulate or orbitofrontal cortex), which prior non-invasive clinical monitoring 
revealed were among the areas where seizures might have arisen. In addition, the contacts in or near Broca’s area helped the 
clinical team determine how far the epileptogenic zones penetrated into eloquent cortex, allowing them to plan a resection 
providing maximum seizure relief with minimal neuropsychological consequences. 

The number of electrode contacts across all patients which functioned normally was 168. Some electrodes that were 
implanted malfunctioned and produced no usable data; these were not analyzed nor considered in the counts reported here. 
The precise anatomical location of each electrode contact was determined with MRI and/or CT scans taken with the 
electrodes in place, in conjunction with pre-implantation MRI when useful. All analyses are based on this direct and 
unambiguous localization. Separately, in order to provide standardized coordinates to compare with other studies, we 
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Fig. S2. Replication of the ~200 ms lexical component in Broca’s area across patients: the component is sensitive 
to lexical frequency, but not word length. For each patient, trials were sorted and averaged according to the lexical 
frequency (top) or letterwise length (bottom) of the word presented. See Fig. 1 in the main text for details. In the 
time window of interest there was no significant effect of word length, indicating that this early component was 
not driven by this perceptual and low-level feature of the words. Instead, the component was modulated by the 
lexical frequency of the word (how commonly or rarely it appears in standard corpora; see Methods). This 
indicates that the component relates to features of the word as a whole, which can only be accessed after the 
lexical identity of the word has been accessed at least in part. The effect was marginally significant in Patient C 
(p=0.06 at 208 ms). Statistical significance: *** (p<.001), ** (p<.01) (t-test, one tail, two-sample, equal variance; 
point-by-point). All recordings were from Broca’s area, in the IFG pars triangularis.    

 




